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and C, from the same broodstock, were hatched at the same farm in which fish were grown 138 (hatchery 1), whereas fish from cohort D came from another hatchery (hatchery 2) and 139 broodstock. To study the influence of water filtration, cohorts C and D were divided into two 140 cohorts, receiving filtered water (CF and DF) and unfiltered water (CUF and DUF), 141 respectively. Water filtration was carried out using a 50 m-pore sand filter. Temporal 142 changes in intensity and prevalence of infection were studied using the 841 fish of the four 143 cohorts A, B, C, D, whereas statistical analysis were only applied to 620 fish from cohorts C 144 and D for which complete records were available. The sampling scheme is summarized in 145 Table 1 . 146
Sampling and histological processing 147
Turbot were sacrificed by chilling on ice and spinal cord severance or by overexposure 148 to the anaesthetic MS-222 (Sigma, St Louis MO, USA), and bled from the caudal vein before 149 the necropsies. Fish were weighed, measured, and necropsied. The digestive tract was excised 150 for fresh and histological examination for parasites. Samples of oesophagus; stomach; 151 anterior, middle and posterior parts of the intestine were fixed in 10% neutral buffered 152
formalin. 153
For the histological study, fixed tissue samples were embedded in paraffin or 154
Technovit-7100 resin (Kulzer, Heraeus). Paraffin sections (4-5 m) were routinely stained 155 with hematoxylin-eosin and toluidine-blue and resin sections (1-3 m) with toluidine blue. 156
Giemsa, Ziehl-Nielsen or PAS staining were occasionally employed to better visualize some 157
stages. 158
Fish were considered infected when the parasite was detected in histological sections 159 of intestine, which is the target organ of infection (occasional findings in the stomach were 160 registered, but only in fish parasitized in the intestine as well). The number of parasites (ps) 161 present in the microscope fields of at least two sections at 300x magnification was computed 162 8 and categorized using a semi-quantitative density scale from 1 to 4, where 1=1-10 ps per 163 field; 2=11-20 ps per field; 3=21-50 ps per field; and 4= >50 ps per field. A value of 0 was 164 used to indicate absence of ps, which denotes that the fish was free from infection. The 165 presence and severity of pathological lesions typical of cryptosporidiosis were also evaluated 166 in the sections and scored from 1 to 3, in which 1 (slight lesions) indicates few parasites, 167 mostly extracytoplasmic, and no evident associated lesions; 2 (moderate lesions) indicates 168 many parasites, some of them intraepithelial without detaching of epithelium; and 3 (severe 169 lesions) indicates many intraepithelial stages with detaching of epithelium and discrete 170 inflammatory reaction. 171
Throughout this manuscript, the categorized value of ps that included categories 1 to 4 172 was referred to as parasite intensity, whereas the term parasite abundance was preferred 173 when categories 0 to 4 were used, i.e., including non-infected fish. The percentage of 174 infected fish in a given cohort and sample was referred to as prevalence. Monthly prevalence 175 and mean intensity were calculated and analyzed for all sampled cohorts to evaluate the 176 temporal changes in infection ( Table 2) . The terms intensity, mean intensity, abundance and 177 prevalence were used as in Bush et al. (1997) . 178
Data analysis 179
The nature and extent to which selected epidemiological factors were associated with 180 C. scophthalmi abundance was assessed in 620 fish from cohorts CF, CUF, DF, and DUF for 181 which complete records were available. Abundance of C. scophthalmi (Y) was grouped into 182 five categories (Y = 0, 1, 2, 3, 4), where Y=0 denoted absence of infection and Y=1 to 4 183 denoted gradually increasing intensities of infection (1 = slight, 4 = severe) (see above). The 184 association between abundance of C. scophthalmi infection and severity of C. scophthalmi-185 compatible lesions, which was coded from 0 to 3 (0=no lesions, 1=slight, 2=moderate, 186 3=severe), was quantified by computing the Jonckheere-Terpstra statistic. This test is a non9 parametric extension of an ANOVA test, suitable for cases in which the categories of the 188 variable used to categorize the response, in this case, abundance, has been ordered in an 189 increasing order of magnitude, here, from 0 to 4. 190 A multivariable regression model for ordinal data (McCullagh, 1980) Nagelkerke's coefficient of determination (R 2 ) was computed to estimate the proportion of the 219 variation of Y that was associated with the epidemiological factors, with large R 2 values, up 220 to a maximum of 1, indicating that most of the variation was explained by the model 221 (Nagelkerke, 1991). All tests were performed using SPSS version 15.0.1, SPSS Inc., Chicago 222 IL, 2006. 223 In order to study the dispersion pattern and the age-abundance profile of C. 224 scophthalmi, the variance-to-mean ratio (VMR) was calculated for the total sampled fish and 225 stratified by age. In addition, the frequency distribution of the parasite within the sampled 226 hosts was computed. 227 228 3. Results 229
Temporal changes in infection 230
The temporal progression of infection was followed in the four studied cohorts (Table 2) Spring 99 a moderate rise occurred in CF, DF and DUF fish. Prevalence and mean intensity 240 were higher in D than in C fish. No clear differences were detected between fish receiving 241 filtered or unfiltered water in C, whereas the parasite was more prevalent in DUF fish (Table  242 2). 243
Dispersion pattern 244
Two hundred and forty one (prevalence = 38.9 %) of the 620 fishes included in the 245 analysis were infected with C. scophthalmi. Parasite abundance approximated a negative 246 binomial distribution with parameters r = 1 and p = 0.5641, i.e., with 25% of the samples 247 having an intensity of infection larger or equal to 1 (Fig. 1) . A Poisson distribution with 248 µ=1.98 best described the pattern of parasite intensity. 249
Epidemiological factors associated with C. scophthalmi abundance 250
Abundance of C. scophthalmi infection was positively associated (Jonckheere-Terpstra 251 statistic = 16.524; P<0.01) with severity of C. scophthalmi-compatible lesions (Fig. 2) . 252
Abundance of C. scophthalmi infection was associated (P<0.05) with age, condition factor, 253 season, and status to Enteromyxum scophthalmi infection, with the most abundant infections 254 observed in fish that were young, in poor condition, not infected by E. scophthalmi, and in 255 spring and summer (Table 3) . with age and it was highest in spring and summer (P<0.05, Table 3 ). Therefore, prevalence in 265 >15 month old (m. o.) fish sampled in spring or summer was, in average, higher than the 266 prevalence in 10-15 m.o. fish sampled in fall or winter, but lower than the prevalence 267 observed in 4-9 m. o. fish sampled the previous spring and summer (Fig. 7) . 268
The value of VMR varied with age. Values of VMR>1, indicating overdispersion were 269 obtained for 8-16 m. o. fish, whereas younger and older fish presented VMR < 1 (Fig. 8) . Fish from cohorts B, C, and D were found highly infected from the first sampling, 284 shortly after introduction into the ongrowing system, which suggests that they were already 285 infected at the time of entrance. Furthermore, fish have been observed to be already infected 286 at hatchery and nursery facilities, being prevalence as high as 60-100 % in 3 m. o. Analysis of our results shows a significant decrease in C. scophthalmi abundance with 316 fish age (beta = -0.17, Table 3 ). This result is in accordance with the observation that the 317 disease was less prevalent in fish from cohort A, which was examined from 10 to 17 months 318 of age, compared to fish from cohorts B, C and D, that were studied starting at 5 months of 319 age (Table 2 ). In cohorts C and D, prevalence reached 100 % in the first sampling, just after 320 introduction. In addition, a progressive decrease in infection prevalence and mean intensity 321 was detected in all cohorts along the study period. These results confirmed the age 322 young, and less prevalent in adults, both in mammals and in poultry species (Atwill et al., 328 1999; de Graaf et al, 1999; Guselle et al., 2003; Thompson et al., 2005) . In contrast with this 329 negative association of cryptosporidioses with age, the most commonly observed pattern for 330 metazoan parasites is the increase in prevalence and intensity with age or size of the host 331 (Zelmer and Arai, 1998; Poulin, 2000; Thomas, 2002) . A non-linear infection pattern, with a 332 peak at a particular age and size of the host and a subsequent decrease in older animals, has 333 also been described for some fish protozoans and myxoporeans (Rintamäki et al., 1997; 334 Palenzuela et al., 1999; Gbankoto et al., 2003) , including the turbot parasite Enteromyxum 335 scophthalmi (Quiroga et al., 2006) . Such pattern was also found in the piscine C. molnari, and 336 it probably occurs in C. scophthalmi, as deduced from the high infection prevalence and 337 intensity found in larval fish (Alvarez-Pellitero et al., 1999 and authors'unpublished results) . 338
In piscine cryptosporidioses, age-dependent differential exposure could be involved, since the 339 concentration of infective stages due to the use of recirculating systems or live food at the 340 hatchery could lead to a higher parasite load in these growing steps. This notwithstanding, the 341 decrease of infection prevalence and intensity in older individuals could be related to 342 decreased susceptibility due to acquired immunity, as it has been suggested in mammalian 343 and human cryptosporidioses (Current, 1989) . 344
The frequency distribution of C. scophthalmi was right-skewed and fitted a negative 345 binomial distribution. Over-dispersion is the model described for the great majority of 346 parasites (Shaw et al., 1998) . Here, the distribution of C. scophthalmi infection was over-347 Enteromyxum scophthalmi, may have affected the bivariate association between age and 351 VMR (Fig. 8) . Duerr et al. (2003) suggested that interpretation of age-intensity profiles 352 derived from cooperating processes is, at least, difficult, due to the influence that other 353 epidemiological factors may impose on the distribution of infection. In the study here we have 354 overcome this problem by formulating a multivariable framework, which allowed for the 355 quantification of the association between factors and infection while adjusting by the presence 356 or absence of other factors significantly associated with the disease. Therefore, the approach 357 used here is more effective, informative, and powerful for exploring associations in 358 cooperative processes than the visual inspection of the graphics alone. Moreover, the adjusted 359 multivariable model may be used to predict the expected levels of C. scophthalmi abundance 360 in infected populations for given values of the epidemiological factors. This information may 361 be used, for example, to obtain estimates of the expected impact of the disease in populations 362 known to be infected and for which information on the epidemiological factors is known, but 363 for which it is not feasible to perform long term longitudinal studies as the one presented here. 364
A seasonal influence on the levels of C. scophthalmi infection was estimated here, 365
with maximum levels of prevalence, abundance, and intensity in spring and summer (Tables 2  366   and 3) . The piscine C. molnari also exhibited maximum levels of infection in spring (Sitjà-367 Bobadilla et al., 2005) . Seasonality occurs in natural infections by other fish coccidians, 368 which are generally more prevalent in spring (reviewed in Steinhagen and Davies, 2008) . 369
Seasonal patterns have also been reported for non-piscine cryptosporidioses, being generally 370 predominant in warm seasons (de Graaf et al., 1999; Sturdee et al., 2003) . Temperature is 371 probably one of the most important factors involved in cryptosporidia seasonality, although 372 other factors, such as infective status of fish at the introduction in the ongrowing tanks, 373 availability of infective stages, host density, or a combination of different processes may also 374 contribute to the observed seasonal pattern. 375
Increasing levels of C. scophthalmi infections were significantly associated with high 376 severity of Cryptosporidium lesions. In addition, abundance of infection was low in fish with 377 high condition factor. Such results point to a pathological significance of this infection, 378 though the effect in a decreased body condition as a contributor to possible mortalities, 379 remains to be demonstrated. 380
The negative association between the infection intensities of C. scophthalmi and E. 381 scophthalmi is probably due to differences in the transmission, onset and course of both 382 infections rather than to a true competition between both parasites. C. scophthalmi seemed to 383 be introduced into the ongrowing system mostly through carrier fish, and the infection 384 progressively decreased with fish age/weight. In contrast, fish are free from E. scophthalmi 385 infection when introduced in the ongrowing system, and the first infections are usually 386 detected at least three months after introduction. Culture conditions favour the transmission 387 and dispersion of this myxozoan, and thus infection levels progressively increase in growing 388 fish (Quiroga et al., 2006) , with an opposite pattern to that observed for C. scophthalmi. 389
In conclusion, C. scophthalmi infection was confirmed in turbot cohorts from their 390 introduction into the ongrowing systems and abundance of infection in the fish was negatively 391 n P % MI n P % MI n P % MI n P % MI n P % MI n P % MI 
